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Abstract
Extracting RNA from pancreatic tissue is notoriously challenging because of
the organ's high RNase content. Standard methods using TriPure® or TriZol®
classically yield RNA of sufficient quality for routine gene expression analysis but
not for microarray or deep sequencing analysis. Here we developed a simple
method to extract high quality RNA from mouse pancreas. Our method uses an
RNase inhibitor and combines different protocols using guanidium thiocyanate-
phenol extraction. It enables reproducible isolation of RNA with an RNA Integrity
Number around 9.
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Extracting RNA from pancreatic tissue is notoriously challenging because of the organ's high RNase
content. Standard methods using TriPure or TRIzol classically yield RNA of sufﬁcient quality for routine
gene expression analysis but not for microarray or deep sequencing analysis. Here we developed a simple
method to extract high-quality RNA from mouse pancreas. Our method uses an RNase inhibitor and
combines different protocols using guanidium thiocyanateephenol extraction. It enables reproducible
isolation of RNA with an RNA integrity number around 9.
© 2016 Elsevier Inc. All rights reserved.
Differential gene expression analysis comparing various exper-
imental conditions or healthy and sick individuals has become an
essential tool to decipher biological mechanisms and to identify
signaling pathways and targets for therapy. Currently, this is ach-
ieved bymeasuring the expression levels of large numbers of genes
by DNA microarrays or high-throughput sequencing. Each of these
techniques requires RNA samples free of contamination and
degradation. Sufﬁcient quality is usually obtained using conven-
tional protocols for RNA preparation. However, in some tissues RNA
extraction is problematic. This is particularly the case for pancreas,
in which high levels of endogenous RNases, DNases, and proteases
induce autolysis very quickly on dissection. As a consequence,
classical RNA extraction protocols yield RNAs of insufﬁcient quality
for subsequent microarray or deep sequencing analysis.
Protocols speciﬁcally designed to extract RNA from pancreas are
usually complex and have poor reproducibility [1e4]. In the best
cases, they produce RNA preparations with an RNA integrity
number (RIN) near 7 [5e7]. Here we report a new and simple
method to isolate mouse pancreatic RNA with a RIN around 9. Our
protocol combines existing protocols [5e7] with improvement of
critical steps.
Mice were cared for in accordance with the criteria set out by
the National Academy of Sciences. Adult mice (n ¼ 18) were killed
by cervical dislocation and dissected. Subsequent steps were per-
formed on ice or at 4 C. The pancreas was removedwithin 5 min of
sacriﬁce, and a quarter of the organ was injected with 500 ml of
RNase inhibitor solution RNAlater (Qiagen, Valencia, CA, USA) at
multiple places using a 0.5-ml insulin syringe ﬁtted with a 29-G
needle. The remaining tissue can then be used for histological
analysis. The injected part of the pancreas was cut into small pieces
with scalpel blades (carbon steel 22, SwanneMorton, Shefﬁeld, UK)
and transferred to an Eppendorf tube containing 350 ml of RNAlater
and snap-frozen in liquid nitrogen. After 24 h at 80 C, the tissue
was allowed to thaw for 2e5 min at room temperature. After rapid
centrifugation (13,000 rpm, 2 min, 5415D Benchtop Micro-
centrifuge, Eppendorf, Hamburg, Germany), the supernatant con-
taining the RNAlater solution was removed and 2 ml of TriPure
Solution (Roche, Basel, Switzerland) was added to the tissue pellet.
The tissue pieces were then homogenized using an Ultra-Turrax
(T10 Basic, IKA, Staufen, Germany). Following homogenization,
1 ml of extract was transferred to an Eppendorf tube for centrifu-
gation (13,000 rpm, 5 min) to pellet undigested tissue, which could
contaminate subsequent RNA solutions [7]. An aliquot of superna-
tant (500 ml) was transferred to a clean Eppendorf tube, and 100 ml
of chloroform was added. Following the TriPure manufacturer's
instructions, the solution was vortexed for 30 s and left to stand for
2min on ice. After centrifugation (13,000 rpm,15min), the aqueous
Abbreviations used: RIN, RNA integrity number; UV, ultraviolet; qRTePCR,
quantitative reverse transcription polymerase chain reaction.
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phase was collected and 2.5 volumes of 100% ethanol was added.
The solution was then kept at 20 C for at least 2 h. The RNA so-
lution was centrifuged (13,000 rpm, 30 min), and 70% (v/v) ethanol
was added for washing. After washing, the RNAwas resuspended in
25e100 ml of RNase-free water. A second puriﬁcation step was
performed to reduce protein contamination, as assessed by the
ultraviolet (UV) absorption ratio (260/280 nm). After complete
dissolution in RNase-free water, RNA quality was determined with
an Agilent 2100 bioanalyzer system (Agilent Technologies, Santa
Clara, CA, USA).
Bymonitoring the electrophoretic proﬁle of the RNA sample, the
bioanalyzer calculates a RIN value, which ranges from 1 (most
degraded RNA) to 10 (most intact RNA). RNAs isolated by our pro-
tocol show RINs of 8.9 ± 0.38 (Fig. 1) Q1and A260/280 ratios of
1.85 ± 0.01. When RNA was extracted immediately after isolation,
using TriPure (without injection of RNAlater) [8], RINs were low,
usually around 3 or 4, probably due to degradation by RNases
starting on dissection (n ¼ 6). In our hands, the inclusion of an
additional centrifugation step to remove undigested tissue [7] leads
to improved results with RINs of 4.7 ± 0.75 (Fig. 1C).
Increased RINs using our current protocol were obtained by
optimization and combination of different protocols. First, rapid
pancreas dissection avoided RNase leakage and prevented RNA
degradation. Second, RNases were inhibited by injecting RNAlater
Fig.1. RNAlater injection combined with additional optimization steps enables puriﬁcation of high-quality RNA. (A) Electrophoretic proﬁle generated by an Agilent 2100 bioanalyzer
of two RNA samples (samples 1 and 2) extracted frommouse pancreata injected with RNAlater, as described in the current protocol. Locations of the 18S and 28S ribosomal RNAs are
indicated. (B) Electropherograms of the same samples as in panel A. (C) RIN averages after RNA extraction performed with TriPure (left bar), with TriPure and an additional
centrifugation step (middle bar), and with our current protocol using RNAlater injection (right bar). n ¼ 6 for the protocol using TriPure, n ¼ 4 for the protocol using TriPure and an
additional centrifugation step, and n ¼ 18 for our optimized protocol. **P < 0.01; ***P < 0.001; means ± standard errors.
Fig.2. qRTePCR on RNA isolated after RNAlater injection or according to classical RNA extraction procedure. Four mouse pancreata were injected or not with RNAlater, and 800 ng of
pure RNAwas subjected to qRTePCR to measure b-actin gene expression. Each sample was run in triplicate. Only one sample for each condition is shown. (A) Ampliﬁcation curve of
the specimens. (B) Sample Ct values.
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solution into the pancreas and for storage at 80 C for 24 h. In-
jection of inhibitory solution directly into the pancreas is required
for fast inhibition of RNases. However, this step did not result in
RINs of around 9 but typically yields RINs of near 7 [5,6]. Third, we
extracted RNA using guanidinium thiocyanateephenol (contained
in TriPure) and incorporated an additional centrifugation step to
eliminate undigested fragments of pancreas that contain RNases
[7]. In the absence of RNAlater, the use of TriPure and a centrifu-
gation step gave a RIN value of 5 (Fig. 1C). It is noteworthy that
ethanol was more efﬁcient than isopropanol for RNA precipitation.
Our protocol allowed 10e15 mg of RNA to be isolated from a
quarter of adult pancreas, representing a yield comparable to pro-
tocols using guanidinium thiocyanateephenol solutions, without
RNAlater injections [7]. To demonstrate the superior quality of the
RNA samples prepared according to our protocol, we ﬁrst compared
results of b-actin quantitative reverse transcription polymerase
chain reaction (qRTePCRQ2 ) performed with RNA samples prepared
with our protocol or with the TriPure protocol. The samples differed
by 3 Ct units, reﬂecting improvement by using our protocol (Fig. 2).
Finally, we tested RNA preparations extracted from wild-type
pancreata and from pancreata with a ductal deletion of the tran-
scription factorHNF6 [9] in amicroarray experiment.We found that
some genes displayed differential expression between both con-
ditions. We conﬁrmed the quality of this result by validating dif-
ferential expression by qRTePCR (data not shown; results to be
published elsewhere).
In conclusion, our protocol enabled us to extract superior-
quality pancreatic RNA. Compared with the TriPure classical
method, our protocol is longer in that it requires the injection of
RNAlater before TriPure extraction and an extra centrifugation step,
but it is simple in that it involves routine laboratory equipment for
RNA extraction. Moreover, due to high-efﬁciency extraction, only a
small portion of the pancreas needs to be processed, leaving the
rest of the tissue available for protein extraction or histological
analysis.
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